. X-ray data collection and refinement parameters for all structures. S2 Table S2 . Summary of bond lengths and angles of interest for [Co(TC-5,5)](BF 4 ). S3 Table S3 . Summary of bond lengths and angles of interest for [Co(TC-6,6)](BPh 4 ). S3 Table S4 . Summary of bond lengths and angles of interest for [Ga(TC-5,5)](GaCl 4 ). S3 Table S5 . Summary of bond lengths and angles of interest for [Ga(TC-6,6)](GaCl 4 ). S3 a The maximum residual electron density peak appears near a carbon atom that is part of a disordered polymethylene chain in the tropocoronand ligand.
where n is the number of data and p is the number of refined parameters. a The atom-labeling scheme is shown in Figure 2 , left. The numbers in parentheses correspond to the estimated standard deviation of the last significant figures. a The atom-labeling scheme is shown in Figure 3 , right. The numbers in parentheses correspond to the estimated standard deviation of the last significant figures. 
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a The atom-labeling scheme is shown in Figure 3 , left. The numbers in parentheses correspond to the estimated standard deviation of the last significant figures. 
a The atom-labeling scheme is shown in Figure 4 , right. The numbers in parentheses correspond to the estimated standard deviation of the last significant figures.
S5
Figure S1
. + series of cations using ORCA. [1] [2] [3] [4] [5] [6] [7] Geometry optimizations at the BP/SVP(TZVP on Co) level were performed starting from the X-ray structure coordinates of the [Co(TC-n,n)] + units from their respective X-ray structures. For [Co(TC-4,4)] + at S = 2, this geometry optimization procedure produced three small imaginary frequencies. An improved geometry was obtained starting from the X-ray structure coordinates of the one electron reduced [Co(TC-4,4)]. Regardless, the improved geometry still resulted in imaginary frequencies (-350.70, -255.39, and -60.37 cm -1 ). We believe that the energy values from this calculation do not deviate greatly from the ideal optimized structure, which could not be found. All 7 remaining calculations produced no imaginary frequencies. Frequency calculations were performed at the same level of theory and single-point energy and TD-DFT 8 calculations were performed at the B3LYP/def2-TZVP level. All computations included the COSMO 9 solvent model to model the cations in CH 2 Cl 2 . The above computational procedure was applied to both cations at the S = 1 and S = 2 spin states and the results were compared. Simulated UV-Vis-nIR spectra were visualized with Gabedit 10 and replotted. The DFT results are discussed below and optimized coordinates and energies are presented thereafter. Geometries: The computed geometries for the series were overlaid with their X-ray structures and root-mean-square deviations (RMSD) and maximum deviations (Max. D) were computed (Fig. S5 ). The geometry comparison favors the S = 1 state for n = 3-4, 6, and the S = 2 state for n = 5. Packing interactions could not be accounted for in the comparison. The twist angles of the optimized geometries all favor the S = 1 state (Table S6 ). The twist angles for the S = 2 state are 13-21 o larger than that of the S = 1 state, consistent with the correlation between geometry and spin-state. Triplet-quintet gap: For all compounds, the S = 1 state was predicted to be the ground state, but the energy gap between the S = 1 and S = 2 state decreases as n increases (Fig. S6 ). For n = 3 and 4, the triplet-quintet gap of 24.9 and 18.9 kcal/mol support that the molecules are in the S = 1 state. For n = 5 and 6, the energy gap of 8.0 and 7.2 kcal/mol suggest that the S = 2 state is close in energy and could be thermally accessible. The absolute energies from this level of theory may not correctly predict the ground spin-state, but the series of calculations surely predicts the correct trend. Further, the triplet-quintet gap changes almost linearly with experimental twist angle with a R 2 value of 0.936 (Fig. S6 ). TD-DFT: UV-Vis-nIR spectra predicted from the TD-DFT calculations were compared to experimental data, but the results are inconclusive. Graphs comparing the S = 1 and S = 2 calculations and the experimental data are provided below. b Obtained from the frequency calculation at the BP/SVP level with a TZVP basis set on the Co atom. b Obtained from the frequency calculation at the BP/SVP level with a TZVP basis set on the Co atom. b Obtained from the frequency calculation at the BP/SVP level with a TZVP basis set on the Co atom. b Obtained from the frequency calculation at the BP/SVP level with a TZVP basis set on the Co atom. 
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